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Background Morbid obesity has been shown to be a risk factor for increased complications after THA and TKA; however, large studies that would determine the effect size are lacking. Questions/purposes The purposes of this study were to determine whether morbid obesity increased the risk of: (1) venous thromboembolism (VTE), (2) bleeding, (3) other adverse events, and (4) infections during the early postoperative period (up to 6 to 8 weeks) after THA or TKA? Methods Data from the REgulation of Coagulation in ORthopaedic surgery to prevent Deep vein thrombosis and pulmonary embolism (RECORD) clinical trial program of rivaroxaban for prevention of VTE after THA or TKA were analyzed retrospectively. Data for 12,355 patients were reviewed to identify complication rates in morbidly obese patients (BMI C 40 kg/m 2 ) compared with patients with a BMI less than 40 kg/m 2 . Explorative analyses compared the rates of asymptomatic deep vein thrombosis (DVT), symptomatic DVT, symptomatic pulmonary embolism, bleeding, and other adverse events by BMI group. Results There were no significant differences in asymptomatic DVT, symptomatic DVT, symptomatic pulmonary embolism, or bleeding, but there were increases in other adverse events (including receipt of blood transfusion, erythema, peripheral edema, diarrhea, gastrointestinal or abdominal pain) and infections (including respiratory tract or lung infections, wound inflammation or infection, and extrasurgical-site infections), in patients with a BMI of 40 kg/m 2 or greater compared with patients with a BMI less than 40 kg/m 2 . Conclusions After THA or TKA, morbid obesity is not associated with an increased risk of VTE or bleeding but is associated with increased early postoperative complications, including erythema, peripheral edema, diarrhea and gastrointestinal or abdominal pain, wound inflammation or infection, extrasurgical-site infections, and respiratory tract or lung infections. Level of Evidence Level III, therapeutic study. See Guidelines for Authors for a complete description of levels of evidence.
Introduction
Obesity, with its associated increased mortality and morbidity [19] , is rapidly becoming a worldwide epidemic. Obese patients are more likely to undergo joint arthroplasty [3] , and as the incidence of obesity increases, the numbers of primary hip and knee arthroplasties performed each year also are increasing. The annual numbers of total arthroplasties performed in the United States are projected to increase to 572,000 primary THAs and 3.48 million TKAs by 2030 [11] .
Surgeons need to have a clear understanding of the potential risk of perioperative complications so they can engage in a more informed discussion with their patients and appropriately manage expectations for surgical outcomes. The effects of obesity on outcomes such as venous thromboembolism (VTE), wound complications, infection, and bleeding in patients undergoing total joint arthroplasties have been documented in numerous studies [4, 6, 7, 13, 15, 18, 20, 21] . However, large studies to determine the effect size of morbid obesity on early postoperative complications after THA or TKA are lacking. Other studies have not found an association between BMI and the risk of complications in patients undergoing THA or TKA [1, 16, 17, 23] .
The purpose of this observational analysis was to determine whether morbid obesity (BMI C 40 kg/m 2 ) increases the risk of (1) VTE, (2) bleeding, (3) other adverse events, and (4) infections during the early (up to 6 to 8 weeks) postoperative period after THA or TKA?
Patients and Methods
This was a post hoc analysis of rivaroxaban and enoxaparin data from the REgulation of Coagulation in ORthopaedic surgery to prevent Deep vein thrombosis and pulmonary embolism (RECORD) program, which comprised four Phase III, randomized, double-blind clinical trials. In the RECORD program, men and women at least 18 years old who were scheduled to undergo elective THA or TKA were eligible for inclusion. Eligible patients were randomized to receive 10 mg oral rivaroxaban once daily (6 to 8 hours after wound closure) or 40 mg subcutaneous enoxaparin once daily (RECORD1-3 trials; initiated 12 hours before surgery and restarted 6 to 8 hours after wound closure) or 30 mg enoxaparin twice daily (RECORD4 trial; initiated 12 to 24 hours after wound closure) [8, 10, 12, 24] . Study drugs were administered for 31 to 39 days in RECORD1, rivaroxaban was administered for 31 to 39 days and enoxaparin for 10 to 14 days plus placebo in RECORD2, and for 10 to 14 days in the RECORD3 and RECORD4 trials [8, 10, 12, 24] . Patients underwent mandatory bilateral venography the day after the last dose of the study drug. Patients were followed up for 30 to 35 days after the last dose of study medication. At the followup, adverse events, signs and diagnosis of VTE, and cardiovascular and bleeding events during the 30 days after cessation of treatment were recorded. Blood samples for clinical chemistry were taken, and physical examination assessment of vital signs (heart rate and blood pressure measurement of the patient in the supine position after 5 minutes' rest) was performed. The primary efficacy end point was the composite of any deep vein thrombosis (DVT), nonfatal pulmonary embolism (PE), or death (total VTE). The primary safety outcome was the incidence of major bleeding beginning after the first dose of the study drug and up to 2 days after the last dose of the study drug. This cohort contained 12,355 patients, of whom 24.3% had a BMI less than 25 kg/m 2 , 39.8% had a BMI of 25 to 29 kg/m 2 , 32.3% had a BMI of 30 to 39 kg/m 2 , and 3.6% had a BMI of 40 kg/m 2 or greater ( Table 1) .
In this analysis, we compared the early (up to 6 to 8 weeks) postoperative rates of asymptomatic DVT (confirmed by venography), symptomatic DVT, symptomatic PE, and bleeding events (all adjudicated by an independent central adjudication committee), and investigator-reported adverse events in morbidly obese patients (BMI C 40 kg/m 2 ) with those in normal weight (BMI \ 25 kg/m 2 ), overweight (BMI 25-29 kg/m 2 ), and obese (BMI 30-39 kg/m 2 ) patients. Bleeding events were defined as reported previously [8, 10, 12, 24] . The bleeding outcomes assessed were any bleeding events after the start of study medication and major or nonmajor clinically relevant bleeding events. Major bleeding included, among other types of blood loss, transfusion of 2 units of blood or more. Blood transfusion requirements also were recorded, but were classified as major bleeding only if 2 units or more of blood were transfused.
All adverse events occurring after the patient had signed the informed consent form were fully recorded in the patient's case record form. Documentation was supported by an entry in the patient's file. Each event was described in detail in addition to start and stop dates, severity, relationship to investigational product, action taken, and outcome. Adverse events of interest in this analysis were wound-related complications; erythema; peripheral edema; infections; respiratory, neurologic, gastrointestinal, and cardiac complications; falls; and other complications such as pain and discomfort and febrile disorders. All investigator-reported adverse events that either had or were expected to have an imbalance between morbidly obese patients and the other BMI groups, regardless of the overall frequency of these events, were classified according to the Medical Dictionary for Regulatory Activities (MedDRA) Version 10.0 (International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use, Geneva, Switzerland) and were grouped into medical categories of interest. Adverse events were analyzed regardless of treatment group.
Asymptomatic DVT was analyzed in the modified intention-to-treat population (patients who were valid for safety analysis, had undergone the planned surgery, and had an adequate assessment of thromboembolism); symptomatic DVT, symptomatic PE, and all other analyses were evaluated in the safety population, which comprised patients who had taken at least one dose of study medication.
To investigate the effect of BMI of 40 kg/m 2 or greater on the rates of the various end points, unadjusted and adjusted odds ratios (ORs) for the effect of BMI of 40 kg/m 2 or greater versus less than 40 kg/m 2 were derived from logistic regression. The OR is a relative measure of risk that indicates how much less or more likely it is that a patient who is exposed to the factor being studied (in this study, morbid obesity) will have an outcome develop (ie, early postoperative complication) compared with a patient who is not exposed (ie, who is not morbidly obese). The risk is statistically significant if the CIs of the OR do not cross 1.0. The adjusted analysis was performed to remove the influence of demographic or baseline characteristics on the outcomes. The covariates adjusted for were type of surgery (TKA versus THA), age, sex, and region (United States and Canada versus other countries); the latter was done to address the multinational character of the trial program and geographic variation in event reporting.
Patients' baseline demographics were as expected for the different weight groups; however, the proportions of patients with a BMI of 30 kg/m 2 or greater were higher in patients who underwent TKA than THA (Table 1 ).
In the adjusted analyses, covariates were always included in the regression model regardless of statistical significance. The reported p value refers to Fisher's exact test or to the likelihood ratio test from logistic regression (adjusted for covariates) for the effect of BMI (C 40 kg/m 2 versus \ 40 kg/m 2 ). Probability values were not adjusted for the multiplicity of end points.
Results
There were no significant differences in the rates of asymptomatic DVT, symptomatic DVT, or symptomatic PE between the group with a BMI of 40 kg/m 2 or greater and the other BMI groups combined in the adjusted analysis ( Table 2 ).
There were no significant differences in the rates of any bleeding or major or nonmajor clinically relevant bleeding between the group with a BMI of 40 kg/m 2 or greater and the other BMI groups combined in the adjusted analyses ( Table 2) .
Serious adverse events occurred more frequently in the group with a BMI of 40 kg/m 2 or greater compared with the other BMI groups combined in the adjusted analysis (p = 0.0014; Table 2 ). The most frequent serious adverse events in the group with a BMI of 40 kg/m 2 or greater were: device-related infection (0.67%), femur fracture (0.67%), hypoxia (0.45%), increased alanine aminotransferase (0.45%), infective arthritis (0.45%), nausea (0.45%), vomiting (0.45%), and wound dehiscence (0.45%). Some adverse events (not classified as serious) were significantly more frequent in the group with a BMI of 40 kg/m 2 or greater compared with the other BMI groups combined in the adjusted analysis: the numbers of patients who received blood transfusion (p = 0.0142; Table 2 ), erythema (p = 0.0366; Fig. 1 ), peripheral edema (p = 0.0037; Fig. 1 ), diarrhea (p = 0.0080; Fig. 2 ), and gastrointestinal and abdominal pain (p = 0.0149; Fig. 2 ). Rates of some infections (wound inflammation and infection, infections excluding the surgical site, and respiratory tract and lung infections) were significantly higher in the group with a BMI of 40 kg/m 2 or greater relative to the other BMI groups combined in the adjusted analysis (p = 0.0021, p = 0.0015, and p = 0.0391, respectively) ( Table 2) ; other types of infection (bacterial, urinary tract, and bone and joint) were no more common. Cardiac disorders, patients requiring wound drainage, and nervous system disorders also were not significantly different in the group with a BMI of 40 kg/m 2 or greater than the other BMI groups combined (Table 2; Fig. 3 ).
Discussion
As the incidence of obesity increases globally, the demand for THAs and TKAs also will continue to increase. Therefore, although obese patients will gain worthwhile improvements in pain and function as a result of joint Fig. 1 Rates of erythema and peripheral edema were significantly higher in morbidly obese patients than for patients in other weight groups combined in the adjusted analysis of the RECORD studies (safety population). arthroplasty, it is increasingly important that orthopaedic surgeons be familiar with management issues pertinent to these patients [9] . In addition, preoperative education and discussion of potential complications can make patient expectations more realistic and can improve postoperative satisfaction [22] . We aimed to answer the following questions: does morbid obesity increase the risk of (1) VTE, (2) bleeding, (3) other adverse events, and (4) infections during the early postoperative period (up to 6 to 8 weeks) after THA or TKA? This study has numerous limitations. It was a retrospective analysis based on a data source not designed to investigate surgical complications. Complications beyond the early postoperative period were not studied, and the analysis was not designed to investigate long-term complications or the clinical outcome of the arthroplasty. In addition, the cohort size of morbidly obese patients (n = 445) was small compared with the total number of patients, and complications were infrequent. There is the possibility that event rate differences were the result of differential reporting of adverse events in morbidly obese patients. Additionally, this study reports nominal p values (ie, no adjustment was made for multiple comparisons), which increases the probability that some of our findings that appear significant might not be so; furthermore, we made a large number of comparisons, further increasing the likelihood of this.
In a large population cohort of 12,355 patients we found no significant differences for morbidly obese patients compared with patients in the other BMI groups combined in early postoperative rates of asymptomatic DVT, symptomatic DVT, or symptomatic PE. This was consistent with other smaller studies that included morbidly obese patients, one of which prospectively analyzed 6-week complication rates after THA [16] and another that retrospectively assessed 30-day complications rates after THA and TKA [23] . However, some studies have shown that obesity is a risk factor for early postoperative DVT or PE, as was shown in a case-control study (with fewer patients than our analysis) including obese patients (BMI [30 kg/m 2 ) who experienced DVT or PE within 30 days of THA or TKA [14] . However, it is not clear if that study included morbidly obese patients. The disparity with our findings might be explained by the use of different anticoagulation (mainly warfarin) from that in our analysis (rivaroxaban or enoxaparin). Our findings might not apply to patients receiving less aggressive approaches to thromboprophylaxis.
We found no significant differences for morbidly obese patients compared with patients in other weight groups combined in any bleeding events and major or nonmajor clinically relevant bleeding events. In contrast, another small study that investigated blood loss after THA found that obese patients (BMI [ 30 kg/m 2 ) lost significantly more blood than nonobese patients (B 30 kg/m 2 ) in the 48-hour postoperative period [4] . Unlike our analyses, that study did not include morbidly obese patients, and their comparison was obese versus nonobese patients (whereas ours compared morbidly obese with normal weight, overweight, and obese patients combined). Additionally, we included events over a longer period (6 to 8 weeks postoperatively). These differences between the studies might explain the disparity in findings. Although serious adverse events were significantly more frequent in morbidly obese patients than in the other groups combined, these were rare and not life threatening. Some adverse events (eg, erythema, diarrhea) were significantly increased but were infrequent. In the literature, there is a lack of data regarding serious postoperative adverse events, particularly during the early postoperative period, in morbidly obese patients. A small prospectively matched study [5] of patients undergoing THA for osteoarthritis found that overall rates of complications (which included superficial wound infection, deep joint infection, dislocations, and other complications) were significantly higher in morbidly obese patients than in nonobese patients in the 5-year perioperative period.
Rates of surgical wound infection and inflammation were significantly higher in morbidly obese patients compared with patients in other weight groups combined. This is in contrast to a smaller study assessing 30-day complication rates after THA or TKA [23] . However, our study was larger and, therefore, more reliable. Our findings are in agreement with another smaller retrospective study that found significantly higher rates of acute deep wound infection within 1 year of THA in obese and morbidly obese patients compared with patients in other weight groups [7] . The correlation was independent of diabetes and cardiovascular disease, which we did not account for in our analyses. Another retrospective analysis with an average followup of 6 years and a smaller patient population than our study reported that morbid obesity and diabetes were significant risk factors for surgical wound infection after THA or TKA [13] .
Our analyses support previous findings that morbidly obese patients are not at increased risk of DVT or PE, major bleeding, or life-threatening complications during the early postoperative period after THA or TKA. We studied a large number of morbidly obese patients (the largest group studied to date in this area), who are not routinely examined as a discrete population in clinical trials. Because few patients will lose a significant amount of weight before surgery, surgeons often operate on morbidly obese patients [2] . Consequently, surgeons and patients should know and understand the potential complications, which should be part of the informed consent process and discussion of these risks.
